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X» ABSTRACT

The 3BXGY equations for N 1identical, impenetrable, charged

.
Y

£

varticles which mcve 1in one dimensicn and lie in s charge
neutralizing background, are shown to separate into N uncoupled
aguaticns for the sequence cf N reduced distributicns. The

Shat o an s-dimsnsionzl harmenic oscillator whese frequency

- -

ticns remain centered akout fixed, unifeormly distrituted sites
as p/7 goes from zero to infinity, where o i1s gparticle densictcy

and is temperature. Thus it 15 concluded that the systen

suffers ne change in phase for all p and T.
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In this peper we consider 2 cne-~dimensioral aggregats of

identical chargsd varticles whicn move in 2 charge neutral

trable. Whereas the equilibrium provertias of zlosely relavad
systems have been studied in detall [1,2], kinetic analyses
have fcr the mest part been restricted to numerlical studles [3,4].

investigacions, particlas were
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Furthermore
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ol

neT constrained <o Te inmcenetrabls.
In the presant werk, 2 general simplifying sropercy of
the 3BXGY secguence, relevant £o this configuration, is derived.

Namely, it is found that the hisrarchy ssparates infto N un-

N

H

Hy

couplad egquations for the sequence ¢ educed distributions.
The potential relevant to any such subgroup of s labelad,

adloining particles, is that ¢l an s-dimensicnal ha-monice
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gsclllatcr whose frequencies ar

alized equilibrium distributicns at a given vemperature. The
cne-partizle distribution, for the first labelad partlicle, in
conflzuraticn stace, is fcund to De one hall 2 gausslan Witk
Local maximum at x = ~1/2 and local minimum at x = +L/2. This

asyrmet >y 18 a consegquence cf the sonstralint ¢f lmpenesrabllicy

and disvinguishabilicy of particles in crie ilzensicn.
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taln the Tebye distance as a garameter. Apart from fixed
constants, the square oI thils length is equal to T/p, where
T 1s temperature and p is particle number dansity. It 1s
found that as T/p diminishes from = to Q, <he s-particls

spatial distribution passes frem 2 flat distripdution to one

which 1s peaked at uniform intervals. The exact form of the H

many -rparcicle distribution Junction reveals that at all points

of this variatlon, particls nmigrations remain centersd abous

[T SO

sites fixad at unifcrm infterwvals. These findings are in zczerd
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described 2ereln, through 2 parvition-function aperoacia. Al-

though resulss are left in quadrature form, Xunz conciudes

that, 'the system is 1. 2 crystalline state, at zall tempera-
? b

tures and densities'. Van Hove [6] reaches the same conclusion

for a collection of finite-sized rigid particles in one dimen-
sion, through calculation of the free energy of the configuration.
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tlon-lunction 2nalyses of Lenard [1],znd Saxter [2]

for tne analogous system of penetratcle charged partislas were
interpreted TO imply a form of particle binding which reduced

the effective number of particles by one hal®. A molecular-
field-type phase transition for a one-dimensional Coulomb

system on a circle was reported by Schotte and Truong (7].
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(V)

2. 3BKGY Zcuations

We consider N particlss of charge -¢ which lle in a one-
dimensional svace of length L. The space 1s uniformly charged

wlth total neutralicing charge No. The Cculcmb potensial

for zhis syssen [1,2]
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The Hamilconlan for this szme group of particles Iis
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Since the s2nergy i
re independens [
s-particle group are the energies {E,}.

ing the grigin-of-time constant so that 2z

ol this sub group is separabla, zhe crbits
9]. Thus, N constants of the mosion for our

(Here we are suppress-

one dimension nas ornly cne constant of meticn (8].) It follows

thzs the general solusicn to {(13) is give

- .

where g 15 an arbltrary Junctisnm.
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Zguivalently,
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1] Asymmetry of Distributions

With fs representing zrcbebillty Zensicy,
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constraint has little consequence. However in one dimension
we see that impenetrability of varticles implies distinguish-
ability of particles. Thus, reduced distributions are always
of labeled particles and kinetic theory becomes a clarifying

tool for uncovering statistical properties for such configura-

tions.
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